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A b s t r a c t  
 

Commercial livestock husbandry causes severe stress among animals resulting in up to 80 % 
emergence of secondary immunodeficiency. This review is an attempt to comprehensively analyze 
multiple interconnections between immune, neuroendocrine systems, together with nutrition, as 
essential factors for animal metabolism regulation, wellness, health, performance and productivity.  
Secretion of stress hormones and the degree of inhibition of the immune response depend on the 
type of animal’s nervous system. Poor nutrition has a negative effect on the expression of immune re-
sponse including humoral and cellular immunity synthesis of cytokine and plasma immunoreceptors 
(V.I. Fisinin et al., 2013; V.A. Galochkin et al., 2013; Y. Zhang et al., 2014; J.D. Ashwell et al., 2000; 
S. Cunningham-Rundles et al., 2005; V. Abhyankar et al., 2018; A. Haghikia et al., 2015; R.H. Oak-
ley et al., 2013). Due to this relationship, immune, nervous and endocrine systems form virtual func-
tionally integrated single super-system of immunobiological surveillance. Its purpose is to maintain 
body viability, efficiency and resistance to any physical, chemical, biological agents and psychosocial 
factors that can cause adverse effects or pathological conditions. The total body resistance reflects the 
combined effects of specific and nonspecific factors of innate and adaptive immune responses togeth-
er with activity of a number of intracellular systems, including antioxidant-prooxidant system, 
monooxygenase, peroxisomal system (V.I. Lushchak, 2014; N. Sinha et al., 2015; V.A. Galochkin et 
al., 2015), which are together responsible not only for the neutralization of xenobiotics and endoge-
nous toxins, but for the monitoring of homeostasis. Evolution of conceptual views on the immune 
system has developed into understanding of its function not only as a “shield and sword of the or-
ganism”. In-deep look in immune function and mechanisms is unthinkable without examining im-
mune system as a regulatory component of a single triad with the nervous and endocrine systems. 
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Animal productivity is closely connected with the functional activity of 
the immune system, which is a multicomponent and polyreactive system inte-
grated with the other physiological body systems. If commercial animal husband-
ry results in severe stress, the proportion of livestock population with secondary 
immune deficiencies reaches 80%. The stresses and immune deficiencies precede 
numerous illnesses and directly induce pathological conditions of various degrees 
of severity reducing the volume and quality of animal husbandry products [1, 2]. 

The goal of this overview is to comprehensively analyze at interdiscipli-
nary level the multiple interconnections essential for the formation of protective 
and regulatory functions of livestock in the context of livestock health and 
productivity. 

In 2011, immunologists B.A. Beutler and J.A. Hoffmann were awarded a 
Nobel Prize in physiology and medicine for deciphering of revolutionary mecha-
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nisms of immune system regulation. Their ideas were linked to the discovery and 
receptor protein trait of Toll-like receptors on cell surface activating the innate 
immune system, which had been previously believed to have been determined 
solely genetically [unlike adaptive immunity). The idea of a purely protective 
role of the immune system [protection against disease-producing and foreign 
factors) reigned until 1970-s, and still the function of maintaining genetic uni-
formity of cells in a living body [in the middle of the 20th century, Nobel Prize 
laureate F.M. Burnet introduced the term "the science of self") [3] is recognized 
as the most important function of the immune system. However, the understand-
ing of this term in controlling homeostasis expands. Specifically, it has become 
almost axiomatic that a body forms a single and functionally undivided triad of 
regulatory systems: the nervous system, endocrine system and immune system 
[4-6]. The study of this triad requires interdisciplinary approach. Moreover, the 
task of identifying defensive mechanisms of a body cannot be solved without 
taking into account the following immunology phenomena: the general adapta-
tion syndrome, the role of antioxidant and pro-oxidant systems, monooxygenase 
and peroxisomal systems, intracellular reparative processes, etc. The effects of 
multiple interconnections of the immune system with the nervous and endocrine 
systems and nutritive factors are rather numerous and cannot be ignored when 
developing new biologically active additives and feed additives.  

The interaction between innate and acquired immunity. The 
innate immunity system is just the first line of defense against any foreign agents 
and begins at a molecular level. It is responsible for immediate nonspecific defense 
that does not include immunological memory about an antigen [7]. The adaptive 
immune system [also known as specific immune system) develops over days or 
weeks because it includes an antigen-specific response and creation of immuno-
logical memory due to which a subsequent encounter of the antigen is met with a 
quicker and stronger response. The initial mediators of adaptive immune response, 
the B-lymphocytes, produce antibodies neutralizing an antigen or mark the anti-
gen for presentation to Т-cells or subsequent destruction by macrophages [8]. As 
opposed to humoral immunity mediated by antibodies, the cell-mediated immuni-
ty is connected with Т-cells, the lymphocytes produced by thymus gland. The sub-
groups of Т-cells play different roles in the adaptive immune system: the cytotoxic 
Т-killers attack and destroy alien cells, Т-helpers amplify the immune response 
and help the function of the other lymphocytes, Т-suppressors suppress and re-
strain the immune system [9]. 

The complement system, which includes about 20 protein factors activated 
in a cascade during immune response, irreversibly damages the structure and func-
tions of an alien object. The phagocytosis dysfunction is often observed in case of 
lack of chemotactic polypeptides created during complement activation and ensur-
ing phagocyte movement to the place of infection [10, 11]. The complement 
system modulates adaptive immune response and, as a component of both innate 
and adaptive immune system, may serve as an example of their interconnection. 

The innate and acquired immunity function in unison via direct contact 
with the cells, and through the mediation of cytokine and chemokine communi-
cation molecules. i.e. small proteins contain cysteine that have chemotactic and 
attractant properties [12]. Consequently, an efficient immune system requires a 
coordinated effort of macrophages, neutrophiles, B- and Т-lymphocytes with all 
other immune cell types. Furthermore, the immune response includes the 
growth of cell population of Т-lymphocytes, reinforcing immunoglobulin synthe-
sis with B-lymphocytes and acute-phase proteins with the formation of inflam-
matory mediators.   

The cell-mediated response is required for lymphocyte clones to appear 
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and destroy objects with alien genetic information. Since diverse antigens can be 
found on the surface of alien cells, the immunoglobulins of different isotypes [A, 
M, G, E) are produced in activated plasmatic cells [13]. 

S t r e s s  and  homeo s t a s i s. Physiological stress. In terms of physiolog-
ical interpretation, stress can be defined as disturbance of internal equilibrium 
required for a living organism to respond in order to maintain psychophysiologi-
cal integration. H.H.B. Selye, who outlined the triad necessary for all chromic 
stresses (involution of thymus-lymphatic system; hypertrophy of adrenal gland; 
stomach ulceration) [14], described maintaining stability of internal environment 
of a body as a generalized adaptation syndrome with a focus on adrenal cortex 
producing cortisol (corticosteroids). W. Cannon, the author of classic works on 
fight-or-flight response, who developed the definition of "stress" by introducing 
the term "homeostasis", focused on participation of sympathetic nervous system 
in stress response. At this time, the role of hypothalamic-pituitary-adrenal axis 
and sympathetic nervous system in the creation of a generalized response of a 
body to any stress [agent or event) is generally recognized. 

Biochemical characteristics of stress. Oxidative metabolic stress. Intensive 
animal husbandry requires a widespread usage of preventive, therapeutic and 
stimulating means and technologies resulting in the emergence of additional 
chemical, biological and social factors causing stress to livestock population. 
During stress, a body generates an excessive amount of free radicals, which has a 
very negative impact on health of animals, their disease resistance and reduces 
the productivity and quality of products [15]. 

An in-depth analysis of state of all systems and formation of a general-
ized response to the incoming signals is possible only in the context of a super-
system of immunobiological control. It applies to the manifestations of nonspe-
cific resistance. There exists a compelling opinion that immunobiological control 
should be understood as an interconnection of specific immune and non-specific 
biological factors and mechanisms of homeostasis directed against the agents and 
causes violating the structural and functional stability of the internal environment 
of a body and ensuring its preservation and recovery. These mechanisms are under 
genetic control and are regulated via direct correlations and response [16]. 

The activity of free-radical processes and lipid peroxidation required for 
normal operation of all intracellular components, regulation of lipid composi-
tion, fluidity and permeability of cytoplasmic membranes is biochemically ho-
meostated [17] and is determined by tissue-specific balance of antioxidants and 
prooxidants. Oxidative stress occurs when the balance shifts in the direction of 
prooxidants [18] followed by disruption of defensive system functions and devel-
opment of oxidative tissue damage. The free radicals are necessary for normal 
metabolism; however, their abundance has detrimental consequences [19]. The 
generality of free radical processes can be thought of as a unified mechanism of 
development of most (possibly, all) pathological process in any cell, tissue and 
organ regardless of pathology causes.   

The almost strict dependence of suppression of free radical formation on 
activation of non-specific resistance systems on has always been observed [20]. 
The interconnection between loss of body resistance and increased activity of 
free radicals has also been observed. The metabolism controlled by the interac-
tion among the nervous, immune and endocrine systems focuses specifically on 
their normalization during the initial stress phase [21]. Contemporary science 
has not yet managed to quantitatively assess the metabolic situation, the occur-
rence of which results in an uncontrolled overproduction of free radicals. A liv-
ing organism has a multicomponent, in-depth antioxidant and antiradical system 
of defense [enzymatic and non-enzymatic) against oxidative stress [22], which is 
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a part of the non-specific resistance and immunobiological control. 
Presently, the following catecholamines: adrenalin and noradrenaline are 

thought of as the main regulators of adaptive reactions [23]. They ensure fast, 
radical and relevant body response to stress due to their ability to initiate gly-
cogenolysis and break down lipids, activate fatty acid oxidation, increase the 
concentration of glucose and unesterified fatty acids and triglycerols in blood, 
intensify the oxygen intake by tissues [24], change the luminal of vessels and 
bronchi, increase cardiac performance and performance of skeletal muscles [25], 
facilitate the agitation of the central nervous system. It is the catecholamines 
that are deemed to have the core function of establishing a link between the 
nervous, immune and endocrine systems via hypothalamus releasing factors, i.e. 
a large group of regulatory peptides common for these systems, and a cascade of 
hormones produced by the basal gland, as well as glands and cells synthesizing 
hormones in specific and non-specific organs [26]. 

The l ink be tween the hypotha lamic-p itu i ta ry-adrena l  ax is 
and s ympa the t i c  p a r t  o f  t he  ne r vou s  s y s t em. Cerebral neurons in 
hypothalamus are the first to be stimulated in response to stress in order to syn-
thesize and secrete corticotropin releasing hormone (CRH) and vasopressin (VP) 
[27]. The increased concentration of corticotropin releasing hormones and/or 
vasopressins in hypothalamic-pituitary portal blood initiates synthesis and secre-
tion of neurohormones by the hypothalamus that activates the adrenal axis. The 
corticotropic cells of anterior pituitary gland stimulated by the corticotropin re-
leasing hormones synthesize and secrete the adrenocorticotropic hormone 
(ACTH). In turn, the adrenocorticotropic hormone stimulates the production of 
glucocorticoids by the adrenal cortex. The glucocorticoids are responsible for 
negative hypothalamus and basal gland response via inhibiting the synthesis 
and/or secretion of corticotropin releasing factor, vasopressin и adrenocortico-
tropic hormone [28]. The implication is that vasopressin can stimulate the pro-
duction of ACTH even at very low levels of CRH concentration. The glucocorti-
coid receptor can affect the hypothalamus-pituitary axis and can be inactivated 
by heat shock proteins hsp90, hsp70 and immunofilins, the low molecular weight 
proteins rich in cysteine that have the properties of cytokines. As a result of 
binding glucocorticoids with the receptors, the transcription of tissue-specific 
genes, which are related with the functioning of the immune system, is amplified 
or reduced, including synthesis of proinflammatory cytokines and anti-
inflammatory cytokines, prostaglandins, cell adhesion molecules, etc. [29]. 

The sympathic nervous system is activated in response to numerous stress 
factors simultaneously with the hypothalamic-pituitary-adrenal axis or even earlier. 
Noradrenaline is secreted in case of stimulation of noradrenergic neurons in the 
brain and in postganglionic sympathetic neurons innervating the peripheral or-
gans. Additionally, nerve impulse in the highest cortical centers from the brain 
transmits information for release of noradrenaline, serotonin and acetylcholine. 
The increased content of adrenaline in the brain acts as an alarm signal, which 
manifests itself in decreased neurovegetative activity, e.g. suppressed appetite and 
sleep disorders, and initiation of stress response via activation of the hypotha-
lamic-pituitary-adrenal axis. Furthermore, noradrenaline secretion triggers the 
reactions of fear and aggression and boosts long-term memory of preserving hos-
tile emotions reducing the functional activity of the immune system [30].   

The reactions of the hypothalamic-pituitary-adrenal axis and sympathic 
nervous system are strictly and subtly interconnected. Both systems are activated 
in response to most stress factors and can synergistically produce response by 
helping each other. For instance, in the brain there exist reciprocal interconnec-
tions between noradrenaline and CRH, which activate each other. The release of 
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noradrenaline, serotonin and acetylcholine in the brain stimulated the secretion of 
CRH [31]. Similarly, noradrenaline induces the synthesis of ACTH and, corre-
spondingly, of glucocorticoids. Likewise, CRH stimulates autonomic neurons in 
the brain stem for noradrenaline secretion [32]. The glucocorticoid receptors are 
also present in sympathetic neurons and enable glucocorticoids to regulate the 
synthesis, acceptance and noradrenaline content in brain tissue. The glucocorti-
coids can modulate the expression of -adrenergic receptors via genomic and 
nongenomic mechanisms [33]. Together, catecholamine and glucocorticoids stim-
ulate the cardiovascular system and catabolic effects, and inhibit numerous func-
tions of the body, including the reproduction function and the immune system.  

To summarize, the primary response to stresses of any aetiology is con-
ducted by activating both the hypothalamic-pituitary-adrenal axis and the sym-
pathic nervous system. 

Stres s , temperament  and immune sys tem . The hormonal panel 
analysis provides the most conclusive description of stress. The factors linked with 
the procedures associated with livestock breeding, e.g. weaning, castration, 
transportation, regrouping, tying, sudden change of ratios and quality of feeds, 
temperature conditions, negatively affect the immunity and productivity of ani-
mals. The behavioral response to challenges is differentiated and can be ex-
pressed as aggression, obedience, submission or adaptation. The response can be 
stronger or weaker depending on sensitivity of the animal [34]. The acute stress 
factors can multidirectionally affect the immune response, i.e. the effects can be 
immunosuppressive and immunomodulatory [35]. The chronic stresses usually 
result in suppression or dysfunction of innate and adaptive immune responses 
[36). Even under normal conditions the more excitable animals come close to 
stressed animals in terms of hormonal status, they have an increased basal con-
centration of glucocorticoids and catecholamines in blood, they are worse in 
terms of growth, their carcass quality is worse, and immune response in case of 
contact with pathogens is weaker. The increased concentration of glucocorticoids 
and catecholamines inhibits the immune system [37]. 

There are numerous works dedicated to the interconnections among the 
temperament, immune function and response of animals to stress factors, in-
cluding tie-up and free stall housing. The cortisol concentration in young cattle 
stock is usually higher in case of free stall housing and goes down upon tie-up. 
Harsh treatment results in sharp decline of productivity and immune system of 
excitable (temperamental) animals and affects the calm animals to a lesser de-
gree. The response to stresses of any aetiology is stimulated by different stress 
factors activating the hypothalamic-pituitary-adrenal axis and sympathetic nerv-
ous system [38]. 

The productivity and quality of the products are closely connected with 
behavioral response of animals and are reduced in case of negative emotions 
[39]. The stress hormone secretion, like immune response, depends on the tem-
perament of animals. The calves with excitable (stress-non-resistant) tempera-
ment the basal concentration of cortisol and adrenaline is higher than that of 
calm animals [40]. Furthermore, in such animals the ACTH secretion in re-
sponse to CRH is inhibited and in response to VP is boosted during depression. 
The nervous animals have a higher concentration of cortisol, and the calm ani-
mals the contents of neutrophils in blood positively correlates with cortisol con-
centration, which is not manifested in excitable animals [41]. The impact of 
temperament on production of stress hormones and the state of the immune sys-
tem was identified in fattened male calves [41]. The easily excitable animals dis-
played a decline of the immune function along with reduction of the growth 
speed and carcass quality. In terms of lymphocyte proliferation and vaccine spe-
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cific response (IgG products) the temperamental male calves were inferior to the 
calm ones. The excitable animals also showed a negative correlation between 
IgG and IgM concentration and lymphocyte proliferation (42). The cattle has 
higher population of В- and Т-lymphocytes in blood, which identify antigens 
with membrane receptors and are responsible for immune response regulation, 
and the quantitative ratio of lymphocytes changes with age (43). The high con-
centration of catecholamines negatively affects the immune reactivity of cells 
treated with interleukines IL-1 and IL-1. By affecting the secretion of cyto-
kines with Th1 and Th2 T-helpers, the glucocorticoids and catecholamines can 
predominantly inhibit cell immunity controlled by Тh1 cytokines, and not have 
the same active effect on Th2 cytokines controlled by humoral immunity [44]. 

To summarize, nervous animals display a higher degree of hypothalamic-
pituitary-adrenal axis activation accompanied with suppressed immune response. 

Nutr i t ive  f ac tor s  and immune sys tem. The nutrition, which is 
qualitatively and quantitatively deficient and can result in inadequate energy and 
nutrition substance ratio and deficit of a number of micronutrients (in some cas-
es this can negatively affect the phagocytic function of innate immune system, 
synthesis of cytokines, antibodies and cell-mediated immunity), is the most fre-
quent cause of immunodeficiencies and the risk factor of productive animals. 

Macronutrients, food lipids. The disruptions of energy-protein feeds are the 
most frequent in animal husbandry, accompanied by the growth of vulnerability 
of livestock population to infections due to suppression of innate and adaptive 
immune systems [45]. Furthermore, the synthesis of certain cytokines and proteins 
of the complement systems is limited, the phagocytic function and cell-mediated 
immune reactions change [thymic atrophy occurs, the number of circulating T-
cells declines along with the efficiency of immunological memory), the spleen 
and lymph node function is inhibited. The humoral immunity also suffers, the 
antibody affinity and response strength are reduced [16, 46]. 

Different food lipids are also connected to immune response modulation, 
first and foremost these are long-chain polyunsaturated fatty acids (LCPUSFA) ω-
3 and ω-6, which are a part of the irreplaceable nutrient elements and should be 
received with food [47]. The eicosapentaenoic (С20Н30О2) and docosahexaenoic 
(С21Н31СООН) ω-3 long-chain polyunsaturated fatty acids are involved in reali-
zation of the immune response and inflammatory response. They are included in 
the membranes of phospholipids of immune cells (including phagocytes and Т-
cells), induce the production of icosanoids, the 20-carbonic derivative of long-
chain polyunsaturated fatty acids that play a key role in immune reactions, and 
other lipid mediators. In immune cell membranes the long-chain polyunsatu-
rated fatty acids can metabolize enzymatically to icosanoids (prostaglandins, 
leukotrienes and thromboxanes) involved in the development of inflammatory 
response [16, 48]. 

The lipid mediators derived from the eicosapentaenoic and docosahex-
aenoic acids possess not only the anti-inflammatory properties, but are also capa-
ble of regulating the functions of Т- and В-cells. Among icosanoids the deriva-
tives of eicosapentaenoic acid are biologically less active than the derivatives of the 
arachidonic acid, therefore additions of eicosapentaenoic acid and other ω-3 
long-chain polyunsaturated fatty acids are ineffective when treating inflammatory 
diseases. Presently, this area is actively studied because excessive consumption of 
ω-3 long-chain polyunsaturated fatty acids can suppress defensive mechanisms 
and increase vulnerability to infectious diseases [49]. The linoleic acid isomers 
[LA) with conjugated double bonds can modulate the immune function. The LA 
isomer cis-9, trans-11 is present in natural meat and milk of ruminant animals. It 
is also available as a food additive containing two LA isomer forms (cis-9, trans-11 
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and trans-10, cis-12). This additive increased the content of IgA and IgM in 
blood, while the number of proinflammatory cytokines declined and the number 
of anti-inflammatory cytokines increased [50].  

Micronutrients: vitamins and minerals. The micronutrients play an essen-
tial role in the development and expression of immune response. Due to its im-
munosuppressive effect the deficit of specific micronutrients (vitamins, minerals) 
can have a negative impact on innate and adaptive immune system components 
increasing vulnerability to infectious and non-communicable diseases [51]. 

Vitamin А and its metabolites are involved in the reactions of the innate 
and adaptive immune systems. The skin and eye mucosa cells, as well as cells of 
the respiratory, gastrointestinal and genitourinary tract function as a barrier 
against infections (innate immune system). Vitamin А promotes the functioning 
of these mucosal cells and is necessary to maintain the activity of cells involved 
in the innate immune response (including natural killer cells, macrophages and 
neutrophils), and for the activity of Т- and В-cells, the mediators of the adaptive 
immune system. Consequently, vitamin А is the essential factor of immune re-
sponse. Vitamin A displays the key immune effects via the derivatives, specifical-
ly, via isomers of retinoic acid. The isomers of retinoic acid are steroid hor-
mones, which are connected with retinoid receptors causing a cascade of mo-
lecular interactions initiating the expression of specific genes. The retinoic acid 
directly or indirectly regulates about 500 genes, some of which control cellular 
proliferation, which emphasizes the importance of vitamin A in the immune sys-
tem [52].  

The deficit of vitamin A results in immunodeficiency and increased risk 
of infectious diseases, especially at a young age. Vitamin A reduces the quantity 
and activity of killer cells. The subclinical deficiency of vitamin A increases the 
risk of infections, which, in turn, increase vitamin A deficiency in animals, in-
cluding those caused by decreased feed intake, disorder of vitamin absorption 
and excretion, and reduced resorption. The impact of vitamin A on chemotaxis, 
phagocytosis and ability of immune cells to generate free radicals that destroy 
pathogens has been observed. By participating in the regulation of cytokine syn-
thesis regulation vitamin А affects the development of inflammatory response of 
the innate immune system. The deficit of vitamin A affects humoral and cellular 
response of the adaptive immune system and has a particularly adverse effect on 
the growth and differentiation of В-cells that depend on retinol and its metabo-
lites, and on manifestations of antibody response. The additions of vitamin А 
reduce the morbidity of diarrhea [53]. 

In terms of vitamin D, the function of the immune system modulator 
has been added to the impact on mineral homeostasis and bone metabolism. 
More than 200 genes are known, which are directly or indirectly regulated by 
dihydroxyvitamin D3. The receptor of vitamin D is expressed in immune cells of 
different types, including monocytes, macrophages, dendritic cells and activated 
Т-cells. The macrophages also synthesize the hydroxyvitamin-D3-1-hydroxylase 
enzyme, which locally converts vitamin D in its active form, which is involved 
both in the innate and adaptive immune responses. The antimicrobial peptides and 
cathelicidin are the key components of the innate immune system because they 
explicitly destroy pathogens, especially bacteria. The active form of vitamin D 
regulates cathelicidin synthesis and stimulates the other processes of the innate 
immune response, including proliferation of immune cells and biosynthesis of 
cytokines. By performing these functions vitamin D facilitates the increased effi-
ciency of defense against infections. It suppresses the production of antibodies by 
В-cells and inhibits the proliferation of Т-cells. Vitamin D can activate Т-
helpers and dendritic cells [54]. 
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Vitamin С is a highly active natural antioxidant actively involved in in-
nate and adaptive immune system response. Vitamin С functionally stimulates 
leucocytes, specifically neutrophils, lymphocytes and phagocytes (cell mobility, 
chemotaxis and phagocytosis). The neutrophils are the first line of cells activat-
ed by vitamin C [55]. At the same time it is believed to have an integrating role 
in the relations of immune cells. The neutrophils, mononuclear phagocytes and 
lymphocytes accumulate vitamin C in large quantities for protection of them-
selves and other cells against oxidative damage. The phagocytes produce a num-
ber of cytokines, including -, - and -interferons. The first two forms are 
thought of as classical and induced viruses, -interferon, being a typical cytokine, 
is synthesized by Т- lymphocytes, natural killers and activated macrophages. 
Unlike - and -interferons, it actively stimulates the expression of components 
of the main complex of histocompatibility, antimicrobial and anti-tumor activity 
of macrophages and natural killers [56]. Furthermore, vitamin C is involved in 
regeneration of vitamin E from its oxidized form. 

Vitamin Е is an oil-soluble antioxidant; -tocopherol form of vitamin E 
protects polyunsaturated fatty acid against peroxidation, which is the cause of 
damage of different cells of the immune system. The deficit of vitamin disrupts 
both the humoral and cell-mediated adaptive immune system, including the 
function of В- and Т-cells. The additions of vitamin E above the recommended 
needs improve the immunity and reduce vulnerability to different infections, 
specifically at a young age [57). The functional activity of Т-cells drops with age, 
which is confirmed by reduced proliferation and production by Т-cells of cyto-
kine IL-2 [58]. The experiments conducted on laboratory animals and clinical 
observations showed that vitamin E can compensate both age effects, improve 
the immune response on introduction of a vaccine against Hepatitis B and im-
prove resilience against respiratory tract infections [59]. In other words, vitamin 
E can boost the immune system [60]. 

The deficiency of vitamin B6 (pyridoxal) weakens the humoral and cell-
mediated adaptive immune system. The specific effect of pyridoxal shortage 
manifests itself in suppression of proliferation, differentiation and maturation of 
lymphocytes, as well as biosynthesis of cytokines and antibodies. The adjusted 
content of pyridoxal in food ratios restores the affected immune functions [61]. 

The folic acid (Вс, В group vitamin) functions as a cofactor of enzymes 
transporting single-carbon fragments. The coenzymes containing folate act as ac-
ceptors and donators of single-carbon components in the endogenous synthesis 
reactions and RNA and DNA metabolism, as well as amino acids [62[. The de-
ficiency of folate negatively affects the immune response, primarily the cell-
mediated response. In case of folic acid deficiency the humoral arm of the im-
mune system and antibody synthesis are suppressed [63]. 

Selenium is an essential element of the immune control system, it is a 
part of more than 30 enzymes (glutathione peroxidase, specifically) and vital 
biologically active compounds of animals. In case of selenium deficiency, ani-
mals, poultry and humans suffer numerous pathological changes similar to 
white-muscle disease, including Т- and В- immunodeficiencies. Selenium affects 
the synthesis of IgG, IgМ and IgА, lysozyme activity, -lysines and general bac-
tericidal activity, and activates the enzymatic antioxidant system [64]. By ampli-
fying the activity of superoxide dismutase and glutathione peroxidase, selenium 
positively affects the non-specific resistance of the body, as well as cellular and 
humoral immune systems, which results in the growth of productivity and liva-
bility of animals and poultry [65]. Selenium additives stimulate immune response 
to foreign antigens, increase viral resistance, and expression of cytokines manag-
ing the immune response [66]. 
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Zinc is a part of active centers of about 200 metalloenzymes and is 
through to be a critical element for the development and functioning of cells of 
the innate and adaptive immune system [67]. Zink does not accumulate in the 
body, it requires constant deliveries with feed. The Zn deficiency disrupts the 
complement system, cytotoxicity of natural killers, phagocytic activity of neutro-
phils and macrophages and ability of immune cells to generate free radicals that 
destroy pathogens. In case of strong Zn deficit, the immune system is suppressed 
and vulnerability to infectious agents increases [68]. 

Fe is involved in a number of immune functions, including differentia-
tion and proliferation of Т-lymphocytes, and in generation of reactive oxygen 
species neutralizing pathogens [69]. However, iron is also used by many infec-
tious agents for reproduction and survival [70]. In case of acute inflammatory 
response, Fe concentration in blood serum decreases, and ferritin concentration 
increases. This is indicative of extraction of Fe, used by pathogens, as crucial 
response to infections. The increase of Fe concentration in blood, for instance, 
in case of hereditary haemochromatosis, can disrupt the immune system, biosyn-
thesis of cytokines, complement activation and functions of Т- and В-lym-
phocytes [71]. 

Copper plays an important role in the development and support of the 
immune system; however, the exact mechanisms of these interactions are still 
unclear. The copper deficit manifests itself as neutropenia, which can be the 
cause of significant increase of vulnerability to various infections [72]. At the 
same time it has been observed that chronic consumption of large copper doses 
negatively affects the immune system [73]. 

Probiotics [immunobiotics). More often than not these are lactobacilli and 
bifidobacteria, which are included in the ratios with fermentable products or as 
special additives. The probiotics are not digestible and access the colon, where 
they interact with receptors of intestinal epithelial and other cells associated with 
the immune system of the intestinal tract, including М- and dendritic cells [74]. 
The immune modulation effect is achieved only in case of constant intake of pro-
biotics and change of intestinal flora. The probiotics have a positive effect on the 
innate and adaptive immune system [75], amplify epithelial intestinal barrier, in-
cluding via inhibiting apoptosis and prolongation of life of intestinal epithelial cells, 
as well as stimulation of antibody production and proliferation of Т-lymphocytes. 
The mechanism of impact of probiotics on the immune system of young livestock 
is rather complicated. As exemplified by Lactobacillus jensenii TL2937 strain, 
which in terms of its effects belongs to immunobiotics, this mechanism can 
broadly be described as follows [76]. A probiotic affects the signaling cascades of 
intestinal cells affecting the expression of cytokines and other proteins, and weak-
ens the inflammatory response caused by the activation of a specific receptor of 
lymphocytes in lymphoid organs of intestinal walls. This process also involves the 
products of the major histocompatibility complex involved in antigen presentation 
to Т- and В-lymphocytes. Consequently, the intestinal immunity of young live-
stock increases during the early postnatal period of ontogenesis. Since most of the 
cells of the immune system are localized in the intestinal mucosa and its meso-
gaster, the general immune status of animals is stimulated, which prevents the de-
velopment of inflammatory intestinal disorders, diarrhea, allergies, gastrointestinal 
and other infections and improving health and growth of young livestock [77]. 

To summarize, the ability of the immune system to control the specifics 
of the internal environment of the body is implemented in conjunction with the 
nervous and endocrine systems. Together these systems, along with the antioxi-
dant- pro-oxidant, monooxygenase and peroxisomal systems are combined in a 
suprasystem structure and ensure uniform immunobiological control of body re-



682 

sistance. This structure maintains its resilience, control and metabolic regulation, 
as well as mobilization of non-specific resistance to the effect of any psychoso-
cial, physical, chemical and biological agents and factors capable of causing ad-
verse effect. The secretion of stress hormones and manifestation of immune re-
sponse depend on the temperament of the animal because the hypothalamic-
pituitary-adrenal axis and sympathetic nervous system are closely interconnected. 
The most frequent cause of immunodeficiency of productive animals is the defi-
ciency of macronutrients and micronutrients. The interconnections between the 
immune, nervous and endocrine systems and nutritive factors are essential for 
the health and productivity of animals. 
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